Amendments to the Specification 



Please replace the paragraph starting on p. 1, line 4 with the following rewritten paragraph: 

This application is related to Application No. 09/754 5 903 5 filed January 4, 2001, attorney 
docket number M-8502 US, entitled " ISOLATION OF I2C BUSES IN A MULTIPLE POWER 
DOMAIN ENVIRONMENT USING MUTLIPLEXERS A DISK ENCLOSURE WITH 
MULTIPLEXERS FOR CONNECTING I2C BUSES IN MULTIPLE POWER DOMAINS "[[."H and 
Application No. 09/755,254, filed January 4, 2001, attorney docket number M-8504 US, entitled 
"ISOLATION OF I2C BUSES IN A MULTIPLE POWER DOMAIN ENVIRONMENT USING 
SWITCHES a "[[,]] which are commonly owned and incorporated by reference herein in their entirety. 

Please replace the paragraph starting on p. 4, line 6 with the following rewritten paragraph: 

FIG. 1 is a block diagram illustrating the layout of a disk enclosure 102, according to an 
e mbodim e nt s one embodiment of the present invention. As depicted, enclosure 102 includes eight 
disk sled boards 103 (only one of which is provided with a reference numeral for clarity). These disk 
sled boards 103 are separately labeled as DSB1 to DSB8. Each disk sled board 103 includes four 
disk drives 105 (only one of which is provided with a reference numeral for clarity). These disk 
drives are separately labeled as DD1-DD32. DDI to DD4 are on DSB1, DD5 to DD8 are on DSB2, . 
. ., and DD29 to DD32 are on DSB8. Each disk sled board includes other devices including 
backplane controllers, port bypass circuits, temperature sensors, and memory devices (shown and 
described later in reference to FIG. 4). It should be understood, of course, that the number of disk 
sled boards 103 and disk drives 105 can be varied. 

Please replace the paragraph starting on p. 4, line 18 with the following rewritten paragraph: 

A number of power supplies 107 (separately labeled as power supply AO, power supply Al, 
power supply B0 and power supply Bl) provide power for disk sled boards 103. In one embodiment, 
power supplies AO and Al may be conventionally current-shared to provide n+1 redundancy; power 
s uppli e r supplies B0 and Bl may be conventionally current-shared to provide n+1 redundancy. 
Power supplies AO and Al, along with any corresponding backup batteries (described later) may 
provide or implement a first power domain (power domain A). Power supplies B0 and Bl, along 
with any corresponding back batteries (described later) may provide or implement a second power 
domain (power domain B). 
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Please replace the paragraph starting on p. 4, line 27, and ending on p. 5, line 17 with the 

following rewritten paragraph: 

In this embodiment, disk enclosure 102 may operate in a split power mode where DSB1 to 
DSB4 are powered by power supplies AO and Al (e.g., via one or more power lines from current- 
shared power supplies AO and Al, through the midplane board 106, and onto DSB 1 to DSB4), and 
DSB5 to DSB 8 are powered by power supplies BO and Bl (e.g., via one or more power lines running 
from current-shared power supplies BO and Bl, through the midplane board 106, and onto DSB5 to 
DSB8). Accordingly, DSB1 to DSB4 are accessible (operational) if either power supply AO or Al is 
present (operational), and DSB5 to DSB8 are accessible (operational) if either power supply BO or 
Bl is present (operational). In this embodiment, DSB1 to DSB4[[,]] may be considered to be located 
in [[a]] power domain A because they are powered by current-shared power supplies AO and Al, and 
DSB5 to DSB8 may be considered to be located in [[a]] power domain B because they are powered 
by current- shared power supplies BO and Bl. In other embodiments, disk enclosure 102 may operate 
in a single power mode where DSB1 to DSB8 are accessible (operational) if any one of power 
supplies AO, Al, BO, and Bl is present (operational). In these embodiments, a connector couples the 
outputs of power domain A (current shared power supplies AO and Al) and power domain B (current 
shared power supplies BO and Bl) to supply a single power to elements of disk enclosure 102. 

Please replace the paragraph starting on p. 6, line 23, and ending on p. 7, line 16 with the 

following rewritten paragraph: 

In one embodiment of Loop A, a first transceiver 202 (labeled transceiver AO) receives optical 
signals from another device in the loop A. Transceiver AO is, for example, a FTRJ-8519 Transceiver 
Module from Finisar Corp. of Sunnyvale, California. Transceiver AO converts the optical signals to 
electrical signals and transmits the electrical signals to a first repeater 204 (labeled repeater AO). 
Repeater AO is, for example, a VSC7130 Dual Repeater/Retimer from Vitesse Semiconductor Corp. 
of Camarillo, California. Repeater AO regenerates the electrical signals to meet industrial standard 
signal quality specifications and transmits the regenerated electrical signals to an enclosure controller 
206 (labeled enclosure controller A). Repeater AO includes an error detect unit 203 (labeled as E0 « 
e.g., a signal detect unit in VSC7130) that conventionally tests for valid Fibre Channel data by 
detecting (1) analog signal amplitude errors, (2) run length errors, and (3) absences of 
synchronization character (e.g., K28.5 ) in regular time intervals. An analog signal amplitude error 
occurs when the electrical signal swings are of inadequate amplitude. A run length e rrors error 
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occurs when the data has more than five consecutive zeros or ones because valid 8B/10B 
transmission codes do not have more than five consecutive zeros or ones. The absence of the 
synchronization character, such as, for example, a K28.5 character, is an error because such a 
character regularly appears in the Fibre Channel data as a means to synchronize the data for 
decoding. These and other types of errors in Fibre Channel are further described in "Fibre Channel 
Physical and Signaling Interface (FC-PH)" (ANSI X3.230-1994) by the American National Standard 
for Information Systems, which is incorporated by reference in its entirety. 

Please replace the paragraph starting on p. 8, line 4 with the following rewritten paragraph: 

Port bypass circuits 210 are, for example, VSC7127 Repeaters/Retimers and Port Bypass 
Circuits from Vitesse Corp. Whereas port bypass circuits 208 are used to bypass disk sled boards, 
port bypass circuits 210 are each associated with a respective disk sled board and are used to bypass 
any of the four disk drives located on their respective disk sled boards. For example, it may be 
necessary to bypass one or more disk drives that are generating errors in loop A in order to hot 
remove and replace these disk drives. Similarly, it may be desirable to improve performance (e.g., 
reduce latency and increase throughput) by bypassing one or more disk drives from loop A and use 
loop B to access these disk drives. Accordingly, each of port bypass circuits 210 selectively 
transmits the electrical signals through the four disk drives located on their disk sled boards. For 
example, PBC DS Al selectively transmits the electrical signals through disk drives 1 to 4. After 
receiving the electrical signal signals back from the last disk drive, each of port bypass circuits 210 
regenerates the electrical signals to meet industrial standard signal quality specifications and 
transmits the regenerated electrical signals to PBC AO. Each of port bypass circuits 210 also includes 
a respective d e t e ct error detect unit 203 that tests for valid Fibre Channel data. After receiving the 
electrical signals back from the last port bypass circuit 210, PBC AO transmits the electrical signals to 
another port bypass circuit 208 (labeled PBC Al). 

Please replace the paragraph starting on p. 9, line 1 with the following rewritten paragraph: 

Each of the port bypass circuits 210 for DSB5 through DSB8 are used to bypass any of the 
four disk drives located on their respective disk sled boards if necessary. Accordingly, each of these 
port bypass circuits 210 selectively transmits the electrical signals through the four disk drives 
located on their respective disk sled boards. For example, the port bypass circuit 210 for DSB5 
selectively transmits the electrical signals through respective disk drives DDI 7 to DD20. After 
receiving the electrical signal signals back from the last disk drive, each of port bypass circuits 210 
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regenerates the electrical signals to meet industrial standard signal quality specifications and 
transmits the regenerated electrical signals to PBC Al. Each of these port bypass circuits 210 also 
includes an error detect unit 203 that tests for valid Fibre Channel data. After receiving the electrical 
signals back from the last port bypass circuit 210, PBC Al transmits the electrical signals to a 
repeater 204 (labeled as repeater Al). 

Please replace the paragraph starting on p. 11, line 13 with the following rewritten paragraph: 

Running disparity circuit 310 and transmission character circuit 312 can be implemented in a 
variety of ways. For example, transmission character circuit 312 can be implemented with a logic 
that compares the transmission characters received with valid transmission characters stored in a 
memory device. Alternatively, running disparity circuit 310 can be implemented with a logic that 
keeps traeks track of the difference between the number of Is and 0s in the transmission characters. 

Please replace the paragraph starting on p. 12, line 14 with the following rewritten paragraph: 

Another example applies to the link between PBC AO and PBC DS Al . If error detect unit 
203 (E0) of PBC AO does not detect an error and error detect unit 203 (E0) of PBC DS Al detects an 
error, then one or more of disk drives DDI to DD4 may be generating the error because these disk 
drives are the elements between respective error detect units 203 of PBCs PCB AO and PBCC DS 
Al. To determine which disk DDI to DD4 is causing the error, disk drives 1 to 4 can be individually 
placed on the loop to see if the error is detected. If the error persists even after all the disk drives are 
checked, then the internal circuitry of PBC AO or PBC DS Al may be generating the error. Each of 
PBC AO and PBC DS Al can be individually replaced to determine which element is causing the 
error. If the error persists even then, then the circuit boards that house and interconnect PBC AO, 
PBC DS Al, and respective disk drives (DDI TO DD4) may be causing the error. Thus, the circuit 
boards can be individually replaced to determine which board is causing the error. The above 
examples can be similarly applied to loop B elements. 

Please replace the paragraph starting on p. 13, line 1 with the following rewritten paragraph: 

FIG. 4 (comprising of FIGS. 4 A and 4B) is a block diagram of FC-AL board 104, midplane 
board 106, DSB1 to DSB8, power supplies 107 (power supplies AO, Al, B0, and Bl) and backup 
batteries 401 (labeled as BA0 5 BAL BB0 AND BB1), according to embodiments of the present 
invention. Batteries BA0, BA1, BB0, and BB1 are located in an enclosure (not shown) external to 
disk enclosure 102 in some embodiments. Batteries BA0, BA1, BB0, and BB1 are respectively 
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coupled to power supplies AO, Al, B0 5 and Bl to provide backup power in case of AC power 
failures. Power supplies 107 may include chargers (not shown) used to charge their respective 
batteries 401. Batteries 401 are, for example, RA-17s from ACME Electric. Power supplier AO, Al 
and batteries BAO, BA1 cooperate to provide power for power domain [[a]] A. Power supplier BO, 
Bl and batteries BBO, BB1 cooperate to provide power for power domain B. 

Please replace the paragraph starting on p. 14, line 5 with the following rewritten paragraph: 

Referring again to FIG. 4, FC-AL board 104 comprises various loop A elements which, as 
shown, include enclosure controller A, memory 406 (labeled FB memory A), transceivers AO and 
Al, and repeaters AO and Al. Enclosure controller A monitors and/or controls other loop A 
elements. FB memory A, which is coupled via an I2C bus 404 to [[a]] enclosure controller A, stores 
instructions for enclosure controller A and FC-AL board specific information. FC-AL board specific 
information includes bytes of data written to FB memory A, byte size of FB memory A, FC-AL 
board part numbers, revision number, vendor identification, assembly date, serial number, and 
checksum of the data written to FB memory A. FB memory A may comprise, for example, an 
AT24C04 Serial EEPROM from Atmel Corporation of San Jose, California. Enclosure controller B 
is also coupled via I2C bus 404 to enclosure controller A. Thus, enclosure controller A can control 
and/or monitor loop B elements via enclosure controller B, and vice versa. 

Please replace the paragraph starting on p. 14, line 23, and ending on p. 15, line 4 with the 

following rewritten paragraph: 

Midplane board 106 includes various loop A elements, such as a backplane controller 410 
(labeled MB I2C backplane controller A), a memory 412 (labeled as MB memory A), a temperature 
sensor 414 (labeled as MB temp, sensor A), an I2C input/output expander 416 (labeled as [[MB]] I2C 
I/O expander A), a l-of-8 multiplexer 418 (labeled as Mux A), and PBCs AO and Al. Enclosure 
controller A is coupled via I2C bus 408 to control and/or monitor MB I2C backplane controller A, 
MB memory A, MB temp temp, sensor A, and I2C I/O expander A. Enclosure controller A uses MB 
I2C backplane controller A to control and/or monitor (1) PBCs AO and Al, (2) fans FA0, FA1, FB0, 
and FBI, and (3) power supplies AO, Al, B0, and Bl. MB I2C backplane Backplan e controller A is, 
for example, a SSC050 I2C Backplane Controller from Vitesse. 

Please replace the paragraph starting on p. 15, line 5 with the following rewritten paragraph: 
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MB I2C backpalne Backplan e controller A controls and/or monitors PBCs AO and Al via 
respective I/O lines 422 and 424. For example, backplane controller A (1) detects the presence of 
disk sled boards, (2) enables the bypass of selected disk sled boards, (3) detects real-time errors 
identified by error detect unit units of PBCs AO and Al, and (4) enables the split of loop A by using 
PBC AO as the end of a first loop and PBC Al as the end of a second loop. 

Please replace the paragraph starting on p. 15, line 11 with the following rewritten paragraph: 

In one embodiment, each of PBCs AO and Al includes an edge-detecting latch that is set 
when a real-time error is detected. This latch remains set until it is cleared by MB I2C backplane 
controller A. In these embodiments, MB I2C backplane controller A also detects and clears latched 
errors identified by PBCs AO and Al . MB I2C backplane Backplane controller A can use the 
detection of real-time and latched errors to determine if a part of loop A (e.g., a link) before PBC AO 
or Al is down or has intermittent real-time errors. For example, a link in loop A is down if 
backplane controller A (1) detects a real-time error and a latched error, (2) clears the latched error, 
and (3) detects another real-time error but not another latched error. A link in loop A has intermittent 
errors if backplane controller A (1) detects a latched error, (2) clears the latched error, and (3) detects 
another latched error. 

Please replace the paragraph starting on p. 15, line 22, and ending on p. 16, line 2 with the 
following rewritten paragraph: 

MB I2C backplane controller A controls and/or monitors fans FAO, FA1, FBO, and FBI via 
I/O lines 426. For example, backplane controller A detects the failure of fans FAO, FA1, FBO, and 
FBI . MB I2C backplane Backplan e controller A controls and/or monitors power supplies AO, Al , 
BO, and Bl via I/O lines 428. For example, backplane controller 410 (1) enables the power supplies 
and (2) detects (a) the presence of the power supplies, (b) the failure of the power supplies, (c) the 
failure of AC supply to the power supplies, and (d) the overload of the chargers that charge the 
backup batteries (e.g., excessive charging time due to the number of backup batteries being charged). 
For clarity, fans FAO, FA1, FBO, and FBI, power supplies AO, Al, BO, and Bl, and their I/O lines are 
not shown individually. 

Please replace the paragraph starting on p. 16, line 3 with the following rewritten paragraph: 

Enclosure controller A accesses MB memory A to read midplane board specific information 

including bytes of data written to MB memory A, byte size of MB memory A, midplane board part 
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numbers, revision number, vendor identification, assembly date, serial number, and checksum of the 
data written to MB memory A. MB memory A is, for example, an AT24C08 Serial EEPROM from 
Atmel. Enclosure controller A accesses MB temp, sensor A to monitor the temperature of midplane 
board 106. MB temp, sensor A is, for example, a LM75 Digital Temperature Sensor and Thermal 
Watchdog from National Semiconductor Corporation of Santa Clara, California. I2C I/O expander A 
is coupled via I/O lines [[A]] 432 to backup batteries BAO, BA1, BAO, and BB1 (through respective 
power supplies AO, Al, BO, and Bl). Enclosure controller A accesses I2C I/O expander A to 
determine the number of backup batteries present and to test the backup batteries for sufficient 
charge. I2C I/O expander A is, for example, a PCF8574 from Philips Semiconductor of Netherlands. 
For clarity, backup batteries BAO, BA1, BAO, and BB1, and their I/O lines are not shown 
individually. 

Please replace the paragraph starting on p. 17, line 1 with the following rewritten paragraph: 

In one embodiment, temperature sensors 436 are of the same type as the previously described 
temperature sensor 414, 12C backplane controllers 438 are of the same type as the previously 
described I2C backplane controller 410, and memories 440 are of the same type as the previously 
described memory 412 I2C backplane controllers 438 are coupled to respective port bypass circuits 
210 (also loop A elements) via respective I/O lines 442. DSB I2C backplane controllers 438 control 
and/or monitor port bypass circuits 210. For example, DSB I2C backplane controllers 438 (1) enable 
the bypass of selected disk drives, (2) detect the bypass ready status of the disk drives, (3) detect the 
presence of the disk drives, (4) detect errors reported by the disk drives, (5) detect errors and latched 
errors identified by port bypass circuits 210, (6) clear latched errors detected by port bypass circuits 
210, (7) select the operation mode of port bypass circuits 210 (e.g., repeater or retimer mode), and (8) 
detect the power mode of DSB 1 to DSB8 (e.g., split or single power mode). To detect a single power 
mode, DSB I2C backplane controllers 438 can have an I/O line coupled to the connector that couples 
the outputs of power domains A and B to supply a single power to disk enclosure 102. Port bypass 
circuits 210 are coupled to their respective disk drives (e.g., disk drives DDI to DD4 for PBC DS Al 
and disk drives DD29 to DD32 for PBC DS A8) via respective I/O lines 444. 

Please replace the paragraph starting on p. 19, line 14, and ending on p. 20, line 2 with the 
following rewritten paragraph: 

As described above, I2C bus 420 is selectively coupled to one of I2C buses 434 via Mux A. 

Thus, I2C buses 434 are not coupled to each other. When one or more of I2C buses 434 are 
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grounded because of a failure of a loop A element, the other I2C buses are not pulled to ground and 
can still be used by enclosure controller A to access other loop A elements. For example, I2C buses 
434 for DSB2 to DSB8 are not pulled to ground when I2C bus 434 for DSB1 is grounded by a failure 
of respective DSB temp, sensor 436. Enclosure controller A can cause Mux A to couple I2C bus 420 
to any of the other I2C buses 434 to access loop A elements on DSB2 to DSB8. Similarly, I2C buses 
434 for DSB1 to DSB4 are not pulled to ground when I2C buses 434 for DSB5 to DSB8 are 
grounded by a failure of power supplies BO and Bl (power domain B that powers DSB5 to DSB8 in 
split power mode). Enclosure controller A can cause Mux A to couple I2C bus 420 to any of the 
respective I2C buses 434 [[for]] to access loop A elements on DSB1 to DSB4. 

Please replace the paragraph starting on p. 20, line 3 with the following rewritten paragraph: 

Furthermore, I2C buses 434 for power domain A are not coupled to I2C buses 434 for power 
domain B . I2C buses 434 for power domain A are isolated from the grounding of I2C buses for 
power domain B, and vice versa. Thus, either set of I2C buses 434 can be used to access their 
respective elements on the disk sled boards when the other set of I2C buses 434 fails. For example, 
I2C buses 4 34for 434 for power domain B are not pulled to ground when 12 C buses 434 for power 
domain A are grounded because of a failure of power supplies and/or loop A elements. Enclosure 
controller B can cause Mux B to couple an associated I2C bus 420 to any of I2C buses 434 to access 
loop B elements on DSB1 to DSB8. 

Please replace the paragraph starting on p. 20, line 12 with the following rewritten paragraph: 

FIG. 7 (comprising of FIGS. 7A, 7B, and 7C) illustrates another embodiment of disk 
enclosure 102. FIG. 7 is a block diagram of midplane board 106, a FC-AL board 104, and a plurality 
of disk sled boards 103 (separately labeled DSB1 to DSB8), according to an embodiment of the 
present invention. In this embodiment, enclosure controller A accesses FB memory A via I2C bus 
905. Enclosure controller A controls and/or monitors repeaters AO and A 1 via an I2C bus 920. I2C 
bus 920 is also coupled to I2C elements on DSB1 to DSB4. Specifically, I2C bus 920 is coupled to 
(1) DSB temp, sensor Al, DSB I2C backplane controller Al, and DSB memory Al on DSB1, (2) 
DSB temp, sensor A2, DSB I2C backplane controller A2, and DSB memory A2 on DSB2, (3) DSB 
temp, sensor A3, DSB I2C backplane controller A3, and DSB memory A3 on DSB3, and (4) DSB 
temp, sensor A4, DSB I2C backplane controller A4, and DSB memory A4 on DSB4. DSB I2C 
backplane controllers Al to A4 are respectively coupled to PBCs DS Al to DS A4 via respective I/O 
lines 942. PBCs DS Al to DS A4 are respectively coupled to disk drives DDI to [[DD3]] DD4, 
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[[DD4]] DD5 to DD8, DD9 to DD12, and DD13 to DD16 via respective I/O lines 944. Enclosure 
controller A controls and/or monitors PBCs DS Al to DS A4 (and thus disk drives DDI to DD16) via 
DSB I2C backplane controllers Al to A4. 

Please replace the paragraph starting on p. 21, line 1 with the following rewritten paragraph: 

I2C bus 920-A is further coupled via a switch 952 to an I2C bus 922 of enclosure controller B 
so enclosure controller B can also access I2C elements on DSB1 to DSB4. As FIG. 7 illustrates, 
DSB I2C backplane controllers Al to A4 are also respectively coupled to PBCs DS Bl to DS B4 via 
respective I/O lines 943. PBCs DS Bl to DS B4 are respectively coupled to disk drives DDI to 
[[DD3]] DD4, [[DD4]] DD5 to DD8, DD9 to DD12, and DD13 to DD16 via respective I/O lines 945. 
Enclosure controller B controls and/or monitors PBCs DS Bl to DS B4 (and thus disk drives DDI to 
DD16) via DSB I2C backplane controllers Al to A4. For clarity, only DSB1 and DSB4 are 
illustrated in FIG. 7. 
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Amendment to the Drawings 

The attached sheets of drawings include changes to Figs. 1 5 2A, 2B, 4A, 7A 5 and 7B. 
In Fig. 1, "Fan FBI" in power supply BO has been changed to -Fan FB0«, "Fan FBI" in power 
supply Al has been changed to -Fan FA1--, and "Fan FBI" in power supply AO has been changed to 
-an FA0-. 

In Figs. 2 A and 2B, reference numeral 201 has been added. 

In Fig. 4A 5 reference numeral 404 has been added. 

In Fig. 7A, reference numeral "Midplane board 106" has been added. 

In Fig. 7B 5 reference numeral "Disk drives 1 to 3" has been changed to -Disk drives 1 to 4--. 

Attachment: Replacement Sheets 1 5 2, 5, 8 5 and 9. 
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